Abstract: While the past decade has seen a revolution in understanding of the genetic and molecular etiology of the disease, in clinical practice, initial therapy for acute myeloid leukemia (AML) patients has been a relatively straightforward choice between intensive combination cytotoxic induction therapy as used for decades or less-intensive hypomethylating therapy. The year 2017, however, witnessed US Food and Drug Administration approvals of midostaurin, enasidenib, gemtuzumab ozogamicin and CPX-351 for AML patients, with many other promising agents currently in clinical trials. This review discusses these options, highlights unanswered questions regarding optimal combinations and proposes some suggested approaches for the personalization of initial therapy for AML patients.
Introduction
A wealth of knowledge on the genetic and molecular underpinnings of acute myeloid leukemia (AML) has provided the opportunity to develop personalized, targeted treatment approaches. Until recently, there were two mainstays of initial therapy for AML patients. A combination of cytarabine and anthracycline (referred to as '7+3' in the most commonly used dosing schedule in the US), sometimes in combination with a third drug, has been used as an intensive induction regimen for many decades. 1 Alternatively, hypomethylating agents (HMA), such as decitabine and azacitidine, offer a less intensive option often considered for elderly patients or those otherwise unfit for aggressive induction chemotherapy. [1] [2] [3] Following advances in our understanding of AML biology, 2017 has set a milestone in finally broadening the therapeutic arsenal for AML. Four FDA drug approvals this year include midostaurin, enasidenib, gemtuzumab ozogamicin (GO) and CPX-351 (liposomal daunorubicin and cytarabine). In addition, US Food and Drug Administration (FDA) breakthrough and fast-track designations were granted to venetoclax, GMI-1271, and gilteritinib.
The hematology community is now faced with the challenge of how to optimally incorporate these novel treatments into everyday clinical practice. It is unknown how to treat patients who may be eligible for more than one approved novel agent, such as in the setting of initial treatment of patients with CD33 positive and fms-like tyrosine kinase 3 (FLT3)-mutated AML. Clinical trials assessing combinatorial and sequential treatment approaches utilizing both novel and traditional therapies are needed to improve the depths and durations of treatment responses, overcome drug resistance, and bridge more patients to an allotransplant where appropriate. Long-term sequelae of treatment toxicities, as in the case of GO-induced veno-occlusive disease (VOD), need be considered in patients who are allotransplant candidates. In this review, we detail recently approved therapeutics and agents in ongoing clinical trials with potential for future use as frontline therapeutics. Proposed approaches for incorporating novel agents into clinical practice are discussed (Figure 1 ).
Newly approved therapeutics

Midostaurin
Mutations in the FLT3 internal tandem duplication (ITD) juxtamembrane or tyrosine kinase domain (TKD) are late or secondary events in leukemogenesis, resulting in constitutive activation of downstream mitogenic signaling pathways, thus producing a proliferative leukemia. 4 In the multicenter international phase III CALGB 10603 (RATIFY) double-blind randomized controlled trial, patients with newly diagnosed nontherapy-related FLT3 mutated AML received standard 7+3 with consolidative highdose cytarabine alongside either midostaurin, an oral multitargeted kinase inhibitor, or placebo starting at day 8 of induction. Patients who remained in remission after consolidation received a full year of maintenance therapy with midostaurin or placebo. Maintenance therapy was not part of the protocol for the quarter of patients who underwent an allotransplant while in a CR1. After a median follow up of 59 months, overall survival, the study's primary endpoint, was significantly longer in the midostaurin cohort than placebo [hazard ratio (HR) 0.78, p = 0.009]. Although patients harboring FLT3-TKD mutations did not derive an overall survival benefit from midostaurin, an event-free survival benefit was derived across all FLT3 mutation types encompassing ITD with low and high allelic ratios and TKD. A total of 57% of the study population went on to receive an allotransplant, more in the midostaurin arm than placebo arm, and the median overall survival among this population was not reached. When stratified by sex, females did not have a survival benefit with midostaurin, but males did; both sexes derived an event-free survival benefit from midostaurin. 5 The midostaurin arm experienced more nausea, vomiting, skin rash and anemia, but overall the toxicities were manageable. As a result, midostaurin was granted full FDA approval for untreated FLT3 mutated AML in combination with standard induction and consolidation therapy. Use of prophylactic antiemetics are recommended. Midostaurin was not approved for single-agent induction or for maintenance therapy. The companion Invivoscribe LeukoStrat® FLT3 polymerase chain reaction (PCR) and gel electrophoresis-based mutation assay was simultaneously approved to detect ITD mutations of varying sizes, as well as TKD D835 or I836 mutations, to aid in patient selection. Rapid result turnaround time of 2-3 business days should allow midostaurin to be initiated by day 8 of induction. It is noteworthy that the daunorubicin dose in the RATIFY study was 60 mg/m 2 in both arms as several reports in the literature have supported the notion that 90 mg/m 2 is superior to both 60 mg/m 2 and idarubicin 12 mg/m 2 for patients harboring FLT3-ITD mutations. 6, 7 The benefit of midostaurin in the context of highdose daunorubicin is unknown.
Enasidenib
Mutations in isocitrate dehydrogenase 2 (IDH2) at hotspot residues R140 or R172 are acquired early in leukemogenesis, and by catalyzing alphaketoglutarate to 2-hydroxyglutarate they facilitate deoxyribonucleic acid (DNA) hypermethylation and subsequent silencing of genes responsible for cell differentiation. 8 The prevalence of these IDH2 mutations in AML is around 9-10%, and approaches 20% among cytogenetically normal cases. 9, 10 Enasidenib, an oral selective inhibitor of mutant IDH2 enzymes, is FDA approved for use in relapsed/refractory IDH2 mutated AML. In the landmark phase I/II study that resulted in its approval, enasidenib produced response rates of about 40% that were unfortunately short lived, lasting about 6 months. Median overall survival was 9.3 months among all comers but was markedly prolonged at 19.7 months among patients who achieved a complete response. Patients with R172 mutations achieved better treatment responses than those with R140 mutations (overall responses 53.3% versus 35.4%; complete responses 24.4% versus 17.7%). Meanwhile, 11% of the cohort could proceed to curative allotransplant. The most common grade 3-4 toxicities included differentiation syndrome (7%), noninfectious leukocytosis (6%), tumor lysis syndrome (6%) and diarrhea (8%). 11 There is an FDA black box warning for differentiation syndrome, which can present with rapid proliferation of differentiated granulocytes and can be accompanied by acute respiratory distress, hypoxia, pleural effusions, fever, peripheral edema, and multiorgan failure, and can be observed from 10 days to 5 months after initiation of enasidenib. Management consists of corticosteroids (typically dexamethasone 10 mg every 12 h) and close hemodynamic monitoring. Differentiation syndrome can be associated with hyperleukocytosis; per enasidenib approval guidelines, non-infectious leukocytosis can be treated with hydroxyurea per institutional practices. An accompanying Abbott RealTime IDH2 PCR assay for single nucleotide variants responsible for nine different nonsynonymous IDH2 mutations, with a turnaround time of about 1 week, was contemporaneously approved to identify patients eligible for enasidenib.
CPX-351 (liposomal daunorubicin and cytarabine)
Secondary AMLs, encompassing therapy-related myeloid neoplasms and AMLs arising from underlying myelodysplasia or myelofibrosis, render a poor prognosis with an estimated survival of <6 months using traditional therapies. 12 A patient's total cumulative anthracycline dose, generalized organ reserve for intensive therapy, candidacy for a definitive allotransplant, and possibility of a germline predisposition are all important considerations in management of these patients. Liposomal daunorubicin and cytarabine (CPX-351) is a nanoliposomal combination of cytarabine and daunorubicin in a 5:1 molar ratio that is associated with prolonged in vivo drug exposure when compared with standard 7+3. 13 It was granted full FDA approval for the treatment of secondary AML, encompassing therapy-related AML and AML with myelodysplasia-related changes, based on a multicenter phase III trial comparing CPX-351 with standard intensive induction and consolidation among patients aged 60-75 with secondary AMLs [ClinicalTrials.gov identifier: NCT01696084]. Enrollment was stratified by AML subtype: treatment-related AML, AML with preceding myelodysplastic syndrome (MDS) with prior HMA treatment, AML with preceding chronic myelomonocytic leukemia, and de novo AML with a karyotype characteristic for MDS. The primary endpoint, overall survival, was significantly improved in the CPX-351 arm (9.6 months versus 5.9 months, p = 0.005) when compared with standard 7+3. Response rates were higher (57% versus 40%) as well. 14 Patients harboring FLT3 ITD or TKD mutations were more likely to achieve a complete response than those who were FLT3 wildtype. 15 More patients in the CPX-351 cohort could undergo definitive allotransplant than in the 7+3 cohort (34% versus 25%), and had lower post-transplant mortality, making it an attractive bridge-to-transplant option.
Gemtuzumab ozogamicin
The CD33 antigen is a transmembrane receptor and myeloid differentiation marker that is expressed on most AMLs at varying degrees and on all acute promyelocytic leukemias in a high and homogenous fashion. 16 Its extracellular immunoglobulin-like V domain is the immune dominant epitope that can be exploited with anti-CD33-directed therapy such as the antibody-drug conjugate GO. Importantly, this epitope is not present on all CD33+ AMLs due to alternative splicing, 17 which may explain differential treatment effects. Granted accelerated approval in 2000 at a dose of 9 mg/m 2 for two doses 14 days apart for older adults with CD33+ AML in first relapse, GO was the first anticancer antibody-drug conjugate approved in the United States. 18 It was later withdrawn from the commercial market in 2010 after the phase III SWOG S0106 study revealed lack of efficacy and increased deaths when used in combination with induction and consolidation therapy. 19 Notably, patients allocated to the GO arm received a suboptimal dose of daunorubicin compared with standard treatment arm (45 mg/m 2 versus 60 mg/ m 2 ). After a long hiatus, it recently gained full FDA approval based on its efficacy using a hypofractionated schedule for CD33+ newly diagnosed or relapsed/refractory AML, and this approval is based on three studies. The multicenter French ALFA-0701 phase III study, randomized patients age 50-70 with de novo AML to receive standard induction and consolidation with or without five doses of hypofractionated GO administered at 3 mg/m 2 . Patients with therapy-related AML or an antecedent bone marrow failure were excluded. In the final analysis, rates of complete responses did not differ between the GO and control arms, (81% versus 74%, p = 0.25), but event-free survival did (31% versus 19%, HR 0.66, confidence interval 0.50-0.87, p < 0.001), as did relapse-free survival (38% versus 25%, p = 0.006), favoring the GO arm. The benefit of GO was more pronounced in patients with favorable or intermediate cytogenetics and among those harboring FLT3-ITD mutations. 20 The AML-19 phase III study compared hypofractionated GO with best supportive care among elderly patients with de novo or secondary AML deemed ineligible for intensive chemotherapy, and GO was associated with 27% complete responses and a favorable 1-year overall survival of 24.3% versus 9.7%. 21 Notably, myeloblast CD33 expression was not an eligibility requirement for the aforementioned two studies. Lastly, the MyloFrance1 phase II study assessed hypofractionated GO for adults with CD33+ AML in a first relapse, and demonstrated efficacy with 26% complete responses and an 11-month recurrence-free survival. 22 A subsequent meta-analysis involving 3325 patients from five different studies revealed that GO reduced the 5-year risk of relapse and improved overall survival, and the benefits were most pronounced among those with favorable or intermediate-risk cytogenetics but not adverse-risk cytogenetics, and unlike the ALFA-0701 study, not patients harboring FLT3-ITD mutations. 23 Importantly, GO has an FDA black box warning for hepatotoxicity and VOD. The prevalence of VOD in the ALFA-0701 study was 5%, and half of the cases were fatal. The risk of VOD is heightened by higher doses of GO, pre-existing chronic liver disease, or when GO is used pre-or postallotransplant and hence the recommendation is for the hypofractionated schedule, and to wait at least 2 months between the GO administration and allotransplant.
Novel hypomethylating agents
Guadecitabine is a next-generation HMA associated with a long drug half-life due to inherent resistance to cytidine deaminase degradation. It has been shown to be efficacious in early-phase studies, especially for patients who are treatment naïve or have low-burden disease (blasts < 30%). 24 
BCL-2 directed therapies
BCL-2 is an antiapoptotic mitochondrial protein that is commonly overexpressed in AML. Its overexpression increases leukemia fitness, renders intrinsic chemoresistance, and contributes to the survival of minimal residual quiescent leukemia stem cells responsible for disease relapse. 26, 27 Venetoclax is an oral BCL-2 inhibitor with singleagent activity in relapsed/refractory AML. 28 It works synergistically with other agents by blocking antiapoptotic pathways, which enhances the antileukemia activity of partnered drugs. When combined with low-dose cytarabine among treatment-naïve elderly patients unfit for intensive therapy, it was associated with complete response rates of 62% with durability lasting over a year in a phase Ib/II study. 29 When partnered with decitabine or azacitidine, it produced similar efficacy with 66% complete responses and durability of about 1 year, and demonstrated activity among those with poor-risk cytogenetics. 30 Because of the promising activity demonstrated, larger phase III trials are underway [ClinicalTrials.gov identifiers: NCT03069352, NCT02993523]. Notably, venetoclax is also being studied in combination with FLAG-IDA in the upfront and relapsed/ refractory setting [ClinicalTrials.gov identifier: NCT03214562]. This agent was granted FDA breakthrough designation in 2017 and will hopefully soon become part of the standard AML therapeutic armamentarium.
Novel FLT3 inhibitors
Quizartinib is an oral potent inhibitor of FLT3-ITD that has demonstrated single-agent efficacy in relapsed/refractory AML, irrespective of FLT3 mutation status. 31 It is being studied in the placebocontrolled phase III QuANTUM trial assessing drug efficacy in combination with upfront induction and consolidation therapy [ClinicalTrials.gov identifier: NCT02668653]. Unfortunately, acquired resistance mechanisms to FLT3 inhibitors are common, resulting in short-lived responses. Secondary FLT3-TKD mutations at the D835 residue can confer resistance, as can activation of the receptor tyrosine kinase AXL. 32, 33 Crenolanib is a potent FLT3 inhibitor that can overcome acquired resistance through D835 mutations. 34 It has single-agent activity in heavily pretreated AML, 35 and is being studied in combination with 7+3 in a phase II study [ClinicalTrials.gov identifier: NCT02283177], and in a phase III study comparing it with midostaurin when used in combination with intensive induction [ClinicalTrials.gov identifier: NCT03258931]. Gilteritinib is a highly selective and potent dual FLT3/AXL inhibitor that appears more attractive than quizartinib and crenolanib in that it can circumvent acquired FLT3 inhibitor resistance through both AXL and D835 pathways. It was recently granted fast-track designation for AML. It has single-agent efficacy in relapsed/refractory AML irrespective of FLT3 mutational status. 36 As with crenolanib, it's also being studied in combination with intensive induction and consolidation therapy [ClinicalTrials.gov identifier: NCT02236013] and with azacitidine [ClinicalTrials.gov identifier: NCT02752035].
IDH 1/2 directed therapies
Enasidenib is being studied as upfront monotherapy for older patients with IDH2-mutated AML [ClinicalTrials.gov identifiers: NCT01915498, NCT03013998]. A preliminary report in this setting revealed a response rate of 38%, including 19% complete responses and a median duration of response of about 1 year. 37 Among patients who are eligible for intensive therapy, ivosidenib and enasidenib are being studied in combination with intensive induction and consolidation therapy among newly diagnosed AML patients harboring IDH1 and IDH2 mutations, respectively [ClinicalTrials.gov identifier: NCT02632708]. Preliminary data from this phase I study are promising, revealing complete response rates (which included morphological complete remission (CR) and CR with incomplete blood count recovery (CRi)) of 86% and 67% among those with IDH1 and IDH2 mutated de novo AML, respectively. 38 High rates of complete responses were also appreciated among those with secondary AML. Analyses of depths of responses in the form of minimal residual disease assessments and duration of responses are underway. Inhibitors of IDH have been shown to produce synergy with azacitidine, as both drugs reduce DNA methylation and circumvent blocks in cell differentiation. 39 33A) is an antibody-drug complex with an engineered antibody linked to a more potent cytotoxic agent with the ability to bypass leukemia drug efflux pumps, 40, 41 however, development of this agent does not appear to be ongoing at this time, exemplified by the recent discontinuation of phase III CASCADE trial for frontline older AML patients due to increased deaths compared with the control arm.
Poly adenosine diphosphate (ADP) ribose polymerase inhibitors
Leukemia cells can acquire deficits in double strand DNA repair, namely in homologous recombination and nonhomologous end joining, which may be exploited by PARP inhibitors. 35 Such deficits can be intrinsic to an AML with a hypermethylated genome due to diminished expression of DNA damage response genes, such as in the setting of IDH, TET2 or DNMT3A mutations. 42 
CD123 directed therapy
CD123 is an IL-3 receptor present on myeloblasts that when bound by its ligand, induces cell differentiation and proliferation via downstream signaling of the JAK/STAT and PI3K/MAPK pathways. Unlike hematopoietic stem cells which have low to absent CD123 expression, AML cells, including quiescent leukemia stem cells, have high expression and thus lend opportunity to study CD123 as a therapeutic target. 45 Anti-CD123-directed therapies are being studied in multiple settings, including relapsed/ refractory AML, de novo AML, and for eradication of minimal residual disease. Flotetuzumab is a novel CD123 × CD3 bispecific dual-affinity retargeting (DART) molecule that has demonstrated antileukemia activity in the relapsed/ refractory setting in a phase I study, with an overall response rate of 43% among 14 patients and with a tolerable toxicity profile consisting of mainly cytokine release syndrome [ClinicalTrials. gov identifier: NCT02152956]. 46 
E-selectin-directed therapy
The interaction between the adhesion molecule E-selectin with its receptor in the bone marrow vascular niche represents one mechanism where the marrow microenvironment can facilitate leukemia stem cell fitness, chemoresistance, and quiescence. 47 GMI-1271 is a novel E-selectin antagonist that has been granted FDA breakthrough designation for use in AML. In a phase I study, the combination of GMI-1271 with 7+3 or intensive salvage chemotherapy produced synergistic efficacy, producing overall response rates of 80% (68% CR/CRi) and 50% (41% CR/CRi) for treatment-naïve and relapsed/refractory AML, respectively [ClinicalTrials.gov identifier: NCT02306291]. 48 
Vosaroxin
Vosaroxin is a quinolone-derived nonanthracycline topoisomerase II inhibitor that can circumvent drug efflux pumps and induce apoptosis, and has shown single-agent activity in relapsed/ refractory AML. 49 In a phase II study combining it with decitabine for treatment-naïve older patients, it produced an overall response rate of 74%, 48% of which were complete responses, and of these, 54% were measurable residual disease (MRD) negative [ClinicalTrials.gov identifier: NCT03338348]. When used at a lower dose of of 70 mg/m 2 there was less mucositis with similar efficacy. Vosaroxin alongside decitabine demonstrated efficacy in patients with prior HMA therapy and P53 mutations. 50 Vosaroxin is being studied in combination with infusional cytarabine in lieu of an anthracycline for initial intensive induction therapy [ClinicalTrials.gov identifier: NCT02658487], preliminarily with good response rates of 71%, including among those with P53 mutations. 51 Unfortunately, despite being previously granted orphan drug designation in the US and EU, the phase III VALOR trial of this agent in combination with cytarabine in the relapsed or refractory AML setting was unsuccessful in demonstrating any overall survival benefit over cytarabine plus placebo in this patient population, despite a statistically significant difference in CR (30% versus 16%, p < 0.0001) and CR/CRi (37% versus 18%, p < 0.0001) responses.
Immune-checkpoint inhibition
Despite having a relatively low mutational burden in comparison with their solid tumor counterparts, AML cells have high PD-L1 expression, which increases further in the relapsed/refractory setting because of immune exhaustion. 52 This, in conjunction with the fact that immunotherapy, in the form of allotransplant, can be effective at disease eradication, provides rationale for the study of checkpoint inhibitors in AML. An early-phase study assessed the efficacy of nivolumab with azacitidine in the relapsed or refractory setting, and revealed CR/CRi rates of 22% and a median overall survival of 15 months among responders. 53 A study assessing the efficacy of pembrolizumab with 10-day decitabine for relapsed/ refractory AML has completed accrual [ClinicalTrials.gov identifier: NCT02996474], and trials of pembrolizumab in combination with other agents (for example [ClinicalTrials. gov identifier: NCT02845297]) are underway. In the upfront setting, feasibility of nivolumab alongside 7+3 for newly diagnosed AML patients was assessed in a phase II study, and revealed a CR/CRi rate of 72%, the median duration of which was not reached after 8 months of follow up. Patients proceeding to allotransplant did not have an increase in graft versus host disease. 54 Incorporating novel agents into clinical practice Providers will inevitably face challenges when incorporating novel agents into daily clinical practice. A proposed algorithm for frontline treatment of newly diagnosed AML is presented in the Figure 1 . [55] [56] [57] [58] [59] [60] [61] [62] Clinical classification as de novo or secondary AML, expression of CD33 on AML blasts, and the mutational profile must be included in the initial assessment of newly diagnosed AML. Although a leukemia's morphological features and immunophenotype can be determined relatively quickly, testing for genetic aberrations can often take days to weeks to process, which has encouraged the codevelopment of companion diagnostics that can be performed rapidly for many of the newly approved and currently tested drugs. While next-generation sequencing offers many advantages, until more rapid and standardized sequencing methods become available, approved companion diagnostics such as the LeukoStrat® test, with a processing time of as little as 2 days, will remain essential for treatment selection. While 'myeloid panels' sequencing dozens of recurrently mutated genes or gene regions in AML are now widely available within institutions and commercially, they can be fraught with limitations, including lengthy turnaround time, nonstandardized variant calling pipelines, and an inability to detect large FLT3-ITD duplications.
The presence of MRD after treatment for AML, representing selection of a chemoresistant or quiescent malignant clone, is increasingly recognized as a clinically important factor. 63 Successful approaches to eradicate MRD have not been established. Detectable MRD before Immunophenotype should be determined with multiparameter flow cytometry. The ASH-CAP guidelines provide recommendations on what should be included in the initial work up. 55 * Delay of ATRA administration has been associated with a higher risk of early death. 56 $ Dichotomization of initial therapy based on age alone is insufficient, and should include factors such as the AML ontogeny, cytogenetic risk, burden of disease, the patient's comorbidities, performance status, and generalized organ reserve, in order to gauge the relative overall risks and benefits of intensive therapy. AML scoring systems (e.g. http://amlcompositemodel. org) and geriatric assessments can help determine the chance of achieving a complete remission and the risk of an early death with intensive induction therapy. 57, 58  GO may be more efficacious if the CD33 expression is high and the karyotype is favorable or there is intermediate risk.
The risk of VOD may be heightened by underlying liver disease, or if a myeloablative allotransplant is scheduled within 2 months of GO administration.  Daunorubicin doses at 60 or 90 mg/m 2 produce superior efficacy and survival than 45 mg/m 2 . It is unknown how to combine or sequence novel therapies for patients who are eligible for more than one therapy.  Hypomethylating agents have been shown to produce better survival than conventional care regimens (intensive induction therapy, low-dose cytarabine, or best supportive care). 59 ¥ Due to conflicting data, it is unknown if 10-day courses of decitabine are more efficacious than 5-day courses, and whether TP53 mutational status can serve as a predictive biomarker. 60,61 ¶ Mutations in genes encoding epigenetic regulators, splicing factors, and the cohesin complex may persist into remission. 62 ASH-CAP, ; ATRA, ; AML, acute myeloid leukemia; GO, gemtuzumab ozogamicin; VOD, veno-occlusive disease; IDH1/2, isocitrate dehydrogenase 1/2; CD33 and TP53; FLT3, fms-like tyrosine kinase 3. ASH-CAP, American Society of Hematologists and College of American Pathologists; ATRA, all-trans retinoic acid allotransplant portends inferior outcomes and increased death. [64] [65] [66] RELAZA2 was a singlearm study assessing risk-adapted azacitidine to prevent hematologic relapse in patients with MDS or AML in a complete remission after completion of standard therapy who developed MRD. Of the 53 patients who developed MRD and were treated with empiric azacitidine, 40% achieved a decline of MRD to below a predefined threshold, while 19% experienced stabilization of their MRD. It was concluded that risk-adaptive azacitidine might prevent or delay a hematologic relapse; however, definitive conclusions are difficult to be drawn without a comparator arm. 67 In addition to randomized studies to determine utility of treating at MRD state, 68 future studies may also include drug sensitivity and resistance testing to guide therapy choice for such MRD eradication.
It is unknown how to best treat newly diagnosed patients who may be eligible for more than one approved novel therapeutic approach. For example, FLT3 mutations are often associated with high CD33 expression, 69 and a provider may have difficulty choosing between a GO or midostaurinbased regimen. Both midostaurin and GO improve survival, and studies have demonstrated that FLT3-mutated patients fare better treatment responses to GO than FLT3-wildtype patients. 70 Knowledge of a FLT3 mutation may be received after a GO-based intensive induction regimen has already been initiated. If knowledge of a FLT3 mutation is discovered after initiation of sole 7+3, if high-dose daunorubicin is used (90 mg/ m 2 ) then the safety and efficacy of adding midostaurin on day 8 is not known. In the absence of clinical trials comparing midostaurin with GO head to head, there is limited evidence of best practice in this situation. GO is more efficacious among patients with favorable or intermediaterisk karyotypes and with a higher expression of CD33, and the risk of VOD might be heightened by underlying chronic liver disease or a myeloablative conditioning regimen within 2-3 months of GO administration. A similar clinical conundrum might involve an elderly patient with secondary AML, whose candidacy for intensive induction therapy is borderline, and whose AML harbors a p53 mutation; there are no data to suggest preference of CPX-351 over 10-day decitabine. 71 Similar uncertainties may arise when and if IDH inhibitors or venetoclax become approved in the upfront setting.
It is also not known how to combine or sequence novel agents and traditional therapies. Optimal combinations and sequences have the potential to deepen response depths and durations, to overcome drug resistance, to bridge patients to an allotransplant, to offer completely oral AML treatments, and to improve overall survival. For example, secondary AMLs are associated with mutated FLT3 or IDH up to 10-20% of the time, as well as CD33 overexpression, 72, 73 and it is possible that combinatorial or sequential CPX-351 with FLT3, IDH, or CD33-directed therapies may have cytotoxic synergy as Table 1 . Keypoints and unknowns in the initial therapy for acute myeloid leukemia.
Keypoints
(1) Increased knowledge on the biology of AML has laid the framework for personalizing AML therapy (2) Approved companion genetic tests can provide time-sensitive information in just several days to guide patient selection for novel therapies (3) Combinations of oral agents such as oral azacitidine, venetoclax, FLT3 inhibitors, and PARP inhibitors offer the potential for infusion-free AML treatments (4) Due to ongoing uncertainties on how to best combine or sequence therapies and how to incorporate biomarkers into treatment algorithms, clinical trial enrollment should be considered for all patients
Unknowns
(1) It is not known how to standardize genetic testing in clinical practice (2) It is not known how to optimally treat a patient who may be a candidate for more than one novel therapy, such as a patient with CD33+-and FLT3-mutated AML (3) It is not known how to best combine or sequence novel agents with traditional therapies AML, acute myeloid leukemia; PARP, poly adenosine diphosphate (ADP) ribose polymerase.
demonstrated in preclinical studies. Oral drugs being studied in clinical trials such as venetoclax, oral azacitidine, second-generation FLT3 inhibitors, and PARP inhibitors have the very unique potential of being combined to offer a completely oral regimen for AML, which may offer clinically meaningful improvements in quality of life for many patients.
There is no adequate standard of care for newly diagnosed non-acute promyelocytic leukemia (APL) AML patients, hence clinical trial enrollment should be considered for all patients. The BeatAML master protocol [ClinicalTrials.gov identifier: NCT03013998] is an adaptive trial design utilizing biomarker-driven therapies, with the primary endpoint of assessing the proportion of patients for whom molecular, immunophenotypic and biochemical studies can be completed within 7 calendar days. This important study, as well as others, are essential to improve initial treatment strategies for AML.
Conclusion
Key points and ongoing unanswered questions are presented in Table 1 . An improved understanding of the genetic etiology and clonal architecture in AML has laid important groundwork to study personalized therapy for this heterogenous disease. The past year alone has witnessed approvals of four drugs for AML, with more approved therapeutics hopefully coming soon. Incorporating these novel agents into daily clinical practice will pose challenges requiring patient enrollment onto clinical trials as well as experience as a community to learn how to maximize these exciting new opportunities to improve patient outcomes.
